Fish farming in net cages causes changes in environmental conditions. We evaluated the resilience of zooplankton concerning this activity in Rosana Reservoir (Paranapanema River, PR-SP). Samples were taken near the net cages installed at distances upstream and downstream, before and after net cage installation. The resilience was estimated by the decrease in the groups' abundance after installing the net cages. The zooplankton community was represented by 106 species. The most abundant species were Synchaeta pectinata, S. oblonga, Conochilus coenobasis, Polyarthra dolichoptera and C. unicornis (Rotifera), Ceriodaphnia cornuta, Moina minuta, Bosmina hagmanni and C. silvestrii (Cladocera) and Notodiaptomus amazonicus (Copepoda). The resilience of microcrustaceans was affected in the growing points as this activity left the production environment for longer, delaying the natural ability of community responses. Microcrustaceans groups, mainly calanoid and cyclopoid copepods, had a different return rate. The net cage installation acted as a stress factor on the zooplankton community. Management strategies that cause fewer risks to the organisms and maximize energy flow may help in maintaining system stability.
Introduction
Fish farming in net cages is an increasingly popular practice (Alves and Baccarin, 2005) due to the chance of increasing fish productivity where conventional fish farming (excavated ponds) is not possible (Schmittou, 1993) . In Brazil, the government encourages net cage fish culture in public waters, and this was one of objectives of the fisheries management agency (Ministério da Pesca e Aquicultura do Brasil). The inclusion of this activity, as well as the multiple uses of water, should be appropriately monitored and managed to avoid possible problems related to environmental degradation, since the need to supply the population growth and industrial and agricultural demand have created permanent pressure on surface water resources (Tundisi, 2003) . Research on net cages indicated that some impacts on the aquatic environment may be registered at various ecological organization levels due to the increase in system productivity (Demir et al., 2001; Yiyong et al., 2001; Guo and Li, 2003; Abery et al., 2005; Santos et al., 2009; Borges et al., 2010; Dias et al., 2011) , modifying ecosystem processes such as matter cycling and energy flow.
Several neotropical species have life histories with strategies for tolerating natural environmental variation (e.g., natural disturbance) (Wellborn et al., 1996) as a way of establishing their population. However, concerning anthropogenic activities (e.g., overexploitation, water pollution, destruction and degradation of habitats), there is more environmental stress and it may overwhelm the species' ability to tolerate such disturbances. These activities threaten the system's integrity via biological diversity or even ecosystem properties such as productivity, decay rate, nutrient cycling, resistance and resilience (Loreau et al., 2002; Hooper et al., 2005) .
Research has shown that aquatic communities respond differently to natural and anthropogenic disturbances (Angeler and Moreno, 2007; Fraterrigo and Rusak, 2008) . Some disturbances exceed the normal range of organisms' tolerance, causing an adverse effect on the populations (Vinebrooke et al., 2004) . Once disturbed, a community may resist without changes to its structure, remaining in "equilibrium" (resistance). Sometimes, this situation involves a shift toward a new community structure due to different environmental conditions established by the disturbance, or structural modifications for a given time interval, returning to the previous conditions of the disturbance, i.e., the "equilibrium". Furthermore, the disturbance may change the balance and dynamic around it, when it is sufficiently strong (Ives and Carpenter, 2007) . These scenarios might include a multi-specific dynamic, in the face of population oscillations, which serves as a starting point for a more precise characterization of the natural system (DeAngelis and Waterhouse, 1987) .
The ability to show recovery behavior regarding one disturbance over time is termed resilience (Pimm, 1984; Gunderson, 2000) . Resilience is also the ability of the system to absorb changes without alterations to its original state (Holling, 1973) . However, in practice, the first definition may be objectively accessible using simple mathematical representations. Taking this into account, the abundance fluctuations of aquatic communities as an indicator of community resilience to a disturbance can be considered. Productivity increase during fish farming activities changes the dynamics of energy flow, which will affect the structure of planktonic communities in the environment. Gliwicz (2002) pointed out that the increase in productivity increases rates of individual growth and reproduction of zooplankton organisms and thereafter the rapid increase in population abundance. These community responses demonstrate their importance in maintaining ecosystem stability, since these organisms link the primary producers to consumers (Lampert, 1997) .
The object of this study was to evaluate zooplankton community resilience after net cage installation for fish farming in a subtropical reservoir. We predicted that aquaculture practice affects natural dynamics of the zooplankton community because the increase in the system's production modifies the ability of responses of these organisms.
Material and Methods

Study area
Rosana Reservoir (22° 36' S and 52° 52' W) (Figure 1 ) is situated in the low stretch of the Paranapanema River, at 20 km from its mouth in the Paraná River (São Paulo and Paraná States). This reservoir presents 220 km 2 of area, 116 km of extension, an average depth of 12 m in fluvial and transition regions, and 30 m in the lacustrine region. The average residence time is 18.6 days. The present study was developed during the winter (dry period) in a lateral arm from this reservoir (Guairacá Stream) whose catchment area is predominantly categorized as a rural environment, where settlement areas and properties are used for agriculture, pasture and reforestation.
Sampling design
Samplings of abiotic and biotic data were carried out in triplicate at six sampling stations located along the principal axis of the lateral arm of the reservoir. Three sampling stations were set up close to each treatment net cage, one sampling station at 400 m upstream from the net cages (control), and two sampling stations at 100 and 400 m downstream from the net cages, respectively. Net cages with different densities of Nile tilapia (Oreochromis niloticus L.) (50 kg.m -3 , 75 kg.m -3 , 100 kg.m -3 ) were installed in triplicate from 7 April to 9 August-06. The cages had dimensions of 2 × 2 × 1.7 m. Fish were fed a quantity of ration three times a day determined by the total biomass, which is dependent on weight gain over time.
The first sampling (T0) was taken before the net cage was installed, and this sampling was established as a reference to evaluate the resilience (control period). We assumed that the abundance from the different zooplankton groups at T0 would be equivalent to those recorded for the ecosystem in the previous environmental conditions. After installing the net cage, the environment was monitored for 120 days. The subsequent samplings were performed 15 (T1), 30 (T2), 60 (T3), 90 (T4) and 120 (T5) days after the net cage was installed. This sampling design was similar to before-after control-impact (BACI): measurements were taken before (T0) and after (T1, T2, T3, T4 and T5) the net cage installation; at the impacted sites (close net cages) and control site (upstream 400 m). Taking this into account, the system's natural variation may be evaluated using the control site. Downstream measures were used to verify if the disturbance only had an influence on close sites from net cage installation, or whether it also influenced the localities of 100 and 400 m downstream.
Data collection
The following environmental variables were measured: water temperature (°C), dissolved oxygen (mg.L -1 ) (YSI Model 55-12FT digital portable oximeter), conductivity (µS.cm -1 ) (Digimed digital portable conductivimeter), pH (Digimed digital portable pH meter), and total alkalinity (mEq.L -1 ) (Carmouze, 1994) . Water samples were collected using a van Dorn bottle (5 L) to determine the concentrations of total nitrogen (mM) (Mackereth et al., 1978) , nitrate (mM) (Giné et al., 1980) , ammonium (mM) (Mackereth et al., 1978) , total phosphorus (mM) (Golterman et al., 1978) , phosphate (mM) (Mackereth et al., 1978) , chlorophyll-a (mg.L -1 ) (Golterman et al., 1978) , inorganic suspended material (mg.L -1 ) and organic suspended material (mg.L -1 ) (Teixeira et al., 1965) .
Zooplankton organisms were sampled at subsurface regions extending from the pelagic region, during the morning, using a motorized pump to filter 200 L of water through a plankton net (68 mm). The organisms were preserved in formaldehyde solution (4%) buffered with calcium carbonate.
Abundance of the different groups was estimated by at least three subsamplings using a Hensen-Stempell pipette (2.5 mL) and counting at least 50 individuals from each group (Bottrell et al., 1976) , in Sedgewick-Rafter chambers, under an optical microscope. Samples with low numbers of individuals were integrally quantified. The total abundance was expressed as individuals per cubic meter (ind.m -3 ).
Data analysis
The Principal Component Analysis (PCA) was used to compare environmental characteristics and temporal variation. Data were standardized by a correlation matrix. This analysis was performed using PC-ORD software version 4.01 (McCune and Mefford, 1999) . For deterministic systems, resilience has been quantitatively associated with the return rate of the system to equilibrium after an environmental disturbance (Pimm, 1984) . In natural systems, the deterministic equilibrium is never reached. However, resilience may be measured by the proximity of variability around the mean of the established metric (Ives, 1995) . Considering that the present study is an experimental study, where stress was monitored, the resilience was measured using a mathematical function to characterize the change in zooplankton abundance during a time interval, according to Pimm (1991) . Therefore, we used the sum of species abundance from each group as an aggregated property.
A first-order function was adjusted to interpret the resilience in the different zooplankton groups, described by y = ax + b, where y is the abundance (Napierian logarithm), x is the time; a is the slope coefficient, which is characterized by the return rate (i.e., resilience), and b is the intercept. The slope is the parameter that indicates line inclination: while the more negative the value is, the more resilient the group is. Coefficient "b" does not show biological significance and was used analytically to verify the linearity of the regression. The significance of the function was estimated by a simple regression analysis, observing the assumptions of normality (Shapiro-Wilk Test of standard residuals) and homoscedasticity (residual visualization). We assumed that the measurements are independent and not serially correlated.
Finally, an analysis of variance was used in order to test differences of the resilience rate (slope) among the zooplankton groups.
Results
Environmental variables
The PCA analysis described 82.10% of total data variability along the first five axes and 52.91% in the first two axes (Table 1) . Temperature, chlorophyll-a, inorganic and organic material, pH, conductivity and total phosphorus were negatively correlated with axis 1, while the total nitrogen, nitrate and ammonium were positively correlated with this axis. Temperature, alkalinity, nitrate, total phosphorus and phosphate were negatively more important to axis 2, while chlorophyll-a, organic material, dissolved oxygen, total nitrogen were positively associated with this axis 2.
Score distribution showed a clear temporal variation (Figure 2 ). In the bi-dimensional ordination (Figure 2) samplings (T4 and T5) presented a second temporal trend, characterized by a trophic variation in the environment, compatible with nutrient concentrations, mainly due to an increase in the total nitrogen concentration (PCA 2) ( Table 1) . Another trend that characterized the productivity gradient was related to PCA 4, which was mainly influenced by the chlorophyll-a concentration that was lower in T0 . It presented peaks at T1 and T2, and presented higher values at T3 and T4 than those observed before the experiment (T0), as well as lower values than those observed at T1 and T2.
Zooplankton community resilience
The zooplankton community was represented by 106 species, consisting of rotifers (72 species, 67.9%), cladocerans (23 species, 21.7%) and copepods (11 species, 10.4%) ( Table 3 ). The most abundant species were Synchaeta pectinata, S. oblonga, Conochilus coenobasis, Polyarthra dolichoptera and C. unicornis (Rotifera), Ceriodaphnia cornuta, Moina minuta, Bosmina hagmanni and C. silvestrii (Cladocera) and Notodiaptomus amazonicus (Copepoda).
The abundance of zooplankton varied with the same magnitude at all sites (control, cage culture and downstream), suggesting cage cultures were not the main reason of temporal variation of the zooplankton abundance. However, these aquaculture practices affected the resilience of this community.
Microcrustacean abundance at the end of the experiment showed similar values registered before the beginning of the experiment. Cladocerans and calanoid copepods were numerically important at T2 (day 30) (Figure 3a,b) and cyclopoid copepods presented peaks of abundance at T1 (day 15) (Figure 3c) . A decrease in the abundance of cladocerans, calanoid and cyclopoid copepods followed a linear function, with significant intercept and slope coefficient (p < 0.001). The microcrustaceans resilience (function's slope) was lower at cage culture sites (Figure 3a-c) . In general, it could be observed that rotifers were not resilient due to their abundance which showed an increase from T0 to T5, with peaks at T1 and T5 (Figure 3d) .
Control, downstream 100 m and downstream 400 m sites had higher slopes, indicating that these sites had similar resilience rates. The return rate (function's slope) was different among the groups (Figure 4) , especially for Cyclopoida copepods, which showed lower slopes ranging from -0.446 to -0.665.
Discussion
Temporal changes in environmental conditions were observed in the short and long terms. Short-term changes occurred during the first 30 days after installing the net cage, when higher values of pH, suspended solids and chlorophyll-a were recorded, reflecting a fast increase in system productivity. Over the long term, we observed an increase in system productivity by an increase in the concentrations of chlorophyll-a, total nitrogen and suspended organic solids. This shift of productivity reveals the change in ecosystem properties, which may influence the stability of their communities (Tilman et al., 1996) . The disturbing effect (net cages) on the abundance of zooplankton groups was not clear because of the high environmental variation observed in the control site. Previous studies during 2001 (Lansac-Tôha et al., 2005 ), 2004 recorded similar abundances that were observed in the beginning of this study (T0) in the same reservoir (original conditions of the environment). In general, the nutrient input in the aquatic environments may act as a disturbance that produces a pulse effect and renders the environment more productive, consequently increasing the abundance and biomass of plankton organisms (Angeler et al., 2000; Carpenter et al., 2001; Pinto-Coelho et al., 2005) . In the net cage culture, management involves a continuous addition of energy into the aquatic environment due to daily feeding. Part of the unconsumed rations, excreted and metabolic residuals from fish were released to the environment and acted as allochthonous resources of energy, changing the primary and secondary production.
Our main results showed that the microcrustaceans' resilience was affected in cage culture sites. At these sites, the rates of decrease (slope) of the abundance of microcrustaceans were lower because the aquaculture practice left a productive environment for longer, showing the decline of the abundance. At the control site, the abundance decreased more rapidly because the productivity was sustained only by natural variation. Sites located downstream had similar slopes in respect to the control locality, probably due to dissipation of the energy received from the net cages, and only natural variation remained.
The return time of microcrustaceans ranged from 30 to 90 days after the abundance peak, showing that, even with the disturbance in the reservoir, cladocerans, calanoid and cyclopoid copepods were able to return to initial conditions, but with different temporal discrepancies.
Calanoid copepods, which presented higher resilience, are considered by Matsumura- Tundisi and Tundisi (2003) as highly sensitive to environmental conditions, due to both nutrient input and the physical stability of the environment. Probably, the decrease in food resources due to Cyanobacteria bloom, mainly Radiocystis fernandoi (Borges et al., 2010) , contributed to a decrease in the abundance of these copepods because they are mainly adults and, therefore, more selective when searching for food (Allan, 1976; Pennak, 1989) . The fast decrease in the abundance of these organisms may also be related to the k-strategist behavior, with longer growth period, and more stable environmental conditions (Nogueira, 2001) . Cladocerans presented an intermediate resilience as compared to calanoid and cyclopoid copepods. Although opportunistic among microcrustaceans, they are unable to achieve the biotic potential of rotifers (Allan, 1976) and are subjected to higher predation pressure by both fish (Rejas et al., 2005) and invertebrates. The lower resilience of cyclopoid copepods, with an observed return of 90 days after the disturbance, was probably related to a resistance of these microcrustaceans to environmental variations and a better adaptation to meso-eutrophic conditions (Nogueira, 2001; Silva and Matsumura-Tundisi, 2002 ), e.g., the versatility in feeding habits (Reid, 1985) reflected a better adaptive adjustment to new conditions in the reservoir. Particularly, the life cycle of copepods has morpho-physiological modifications during their ontogenetic development that favor the establishment of populations even under highly variable conditions. Therefore, these stages of the life cycle explore different resources and favor the occupation of different trophic levels in food chains.
According to Pimm (1991) , resilient communities are those with high reproductive rates, due to their short life cycle, which allows rapid population growth after a disturbance. However, this study did not corroborate this statement, since rotifers did not present resilience, because the disturbance (as an increase in aquatic production) increased their abundances, contradicting most results and discussions in the literature (Mäemets, 1983; Pejler, 1983) . Some arguments are based on the resistance that rotifers show when facing various environmental impacts (Matsumura-Tundisi et al., 1990; Matsumura-Tundisi and Tundisi, 2005) , mainly due to demographic features (high birth rate, fast life cycle and excellent potential for colonization in the absence of environmental constraints) that characterize them as opportunist (Allan, 1976) ; or due to recolonization strategies, such as resting eggs (Palazzo et al., 2008) . Nevertheless, we believe that behavioral traits of opportunist species may also have contributed to these results, especially because the biotic potential of these species is magnified under more productive conditions (Matsumura-Tundisi et al., 1990; Aoyagui et al., 2003; Lansac-Tôha et al., 2005) . The consequences of the absence of resilience showed by rotifers may be "dangerous" for the environment. These organisms occupy the trophic niche of small filter-feeding organisms (Margalef, 1983) , and a change in this process of energy transference may affect the structure and dynamics of other assemblages which are directly or indirectly related to these primary consumers, which have a wide range of preference for food resources (from bacteria to filamentous algae). This suggests that the rotifers tended to be of a different stability domain (alternative equilibria state, Scheffer et al., 1993; Scheffer and van Nes, 2007) , probably due to the altered environmental conditions. However, we need to emphasize that a functional compensation may occur when changes in species composition do not modify ecosystem function (Loreau et al., 2002) . These facts are extremely important for the maintenance of the trophic web of the system and consequently the stability.
Probably, peculiarities in patterns of life history related to birth and death rates, reproductive aspects and feeding habits among zooplankton groups are the main factors necessary to characterize the resilience of the zooplankton community in the present study. The sensitiveness of these attributes to environmental fluctuations characterizes the variability of species abundances and the return time to equilibrium in deterministic systems or around mean abundances in stochastic systems (Ives, 1995) . Furthermore, the strategy when using food resources was one of the factors that influenced resilience among zooplankton organisms. According to Lampert and Sommer (2007) , species with higher reproductive rates, such as rotifers, may promptly use the food resources for reproduction in order to compensate loss of time when these resources are scarce. On the other hand, organisms such as microcrustaceans invest in the formation of energy reserves that allow them to maximize resources use during short periods with abundant food.
The community resilience, as a property of ecological stability, aids in ecosystem management (Gunderson, 2000) , facilitating resistance to environmental changes. This community property indicates the disturbance levels and consequently may suggest management activities, since the disturbances change the rate of population growth, biotic interactions, biomass production, and various other processes affecting ecosystem functioning (Ives and Carpenter, 2007) .
Final considerations
The approach of zooplankton community resilience showed that the cage culture installation affected the natural response of zooplankton community. Thus our prediction was confirmed because this aquaculture practice modified the zooplankton community resilience. However its effect was perceived locally (cage culture). Concerning a costbenefit relationship between damage to biodiversity and the production of natural resources, we suggest further study on energy transfer between producers and secondary consumers. Therefore, management strategies would cause fewer risks to cladocerans and copepods and maximize the energy flow which will help maintain system stability.
